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The investigation of an association between increased exposure to residential extremely-low frequency elec¬ 
tromagnetic Helds (ELF-EMF) and childhood leukemia was part of a population-based case-control study carried 
out between 1992 and 1995 in the northwestern part of Germany. A total of 129 children with leukemia and 328 
controls participated in the EMF-study. Exposure assessment comprised measurements of the magnetic Held over 
24 hours in the child’s bedroom at the residence where the child had been living for the longest period before the 
date of diagnosis, and spot measurements at all residences where the child had been living for more than one year. 
The median of the 24h-measurement in the child’s bedroom was regarded as the most valid exposure variable. For 
children exposed to more than 0.2pT, an elevated but not significant odds ratio (OR) was observed (OR - 3.2,95 
percent confidence interval = 0.7-14.9). These figures are based on only four leukemia cases and three controls since 
only 1.5 percent of the study population was classified as highly exposed. Exploratory analyses revealed ORs that 
were not statistically significantly increased for other characteristics of the magnetic field at varying cut-points. 
The results are comparable with those from other studies. Although not statistically significant, they may indicate 
a positive association between EMF and childhood leukemia. Cancer Causes and Control 1997, 8, 167-174 
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Introduction 

Since Wertheimer and Leeper 1 published the results of an 
epidemiologic study on electrical wiring configurations 
and childhood cancer, several studies 2 ' 15 have been carried 
out examining the hypothesis that there is an association 
between residential extremely-Iow-frequency electro¬ 


magnetic fields (ELF-EMF) and cancer in children. There 
are two main reasons for carrying out another study on 
residential EMF and childhood cancer. First, a number 
of factors prevent strong conclusions from being drawn 
concerning the possible effects of magnetic fields on either 
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cancer initiation or cancer promotion. 16 The epidemio¬ 
logic evidence is difficult to interpret in the absence of 
supportive animal studies or other experimental evi¬ 
dence. 17 Potential biases or confounding mechanisms have 
been discussed but alternative interpretations are at least 
as uncertain as the proposed effects of magnetic fields."' 21 
The use of different up-to-date methods of exposure 
assessment will enhance our understanding of which 
characteristics of EMF might play a role in carcinogenesis 
or cancer promotion. Actual EMF exposure measure¬ 
ments are superior to EMF estimation through wire codes 
or distance to power lines since they reflect exposure from 
all sources for residential magnetic fields and have been 
shown to be adequate proxies for individual EMF 
exposure through dosimetry measurements. 22 

Second, this study is suited to explore potential health 
hazards due to EMF in Germany, where living conditions 
and electrical power supply differ from the US. On 
average, one can expect lower levels of residential 
magnetic fields in dwellings in Germany than in the US, 
mainly because of the prevalence of underground cable 
in Germany and because of the use of water pipes and 
metallic paths in grounding systems in residences in the 
US. Differences in population density, the amount of 
power consumption, and the customary types of houses 
contribute to areaspecific average magnetic fields. More¬ 
over, confounding factors may vary among countries. 23 
Worldwide studies may make it easier to rule out possible 
confounding. 

We therefore conducted a population-based case- 
control study on magnetic fields and childhood 
leukemia and the results are reported here. 

Materials and methods 

Subjects 

This study was embedded in a comprehensive population- 
based case-control study exploring possible causes of 
childhood leukemia. The study was performed in the state 
of Lower Saxony (northwestern part of Germany, 7.4 
million inhabitants). All newly diagnosed cases of leuke¬ 
mia occurring during the period from July 1988 to 
June 1993 and fulfilling the following eligibility criteria 
were included: date of birth after 1 July 1975; aged less 
than 15 years at the date of diagnosis; and resident of 
Lower Saxony at the date of diagnosis. Cases were 
recruited from the German Childhood Cancer Registry. 
Approximately 95 percent of all cases are recorded at this 
nationwide registry 2 4 and 219 cases were identified as a 
basis for the study. 

Controls were drawn from the files of local government 
offices for registration of residents: for each leukemia case, 
one control was selected from the same registration office 
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(‘local control’) and a second control was selected from 
a registration office chosen at random in the state of Lower 
Saxony by means of a population-weighted sampling pro¬ 
cedure (‘state control’). Controls were matched by gender 
and date of birth. If a control family refused to participate, 
a second control family was selected in the same way. 
Therefore, the number of families invited in each of the 
two control groups (305 local controls, 308 state controls) 
exceeds the number of eligible leukemia cases. 

Questionnaires were mailed by the physician respon¬ 
sible for the cancer treatment (cases) or by the study center 
(controls) and were to be returned to the study center in 
Mainz for completion and validation of the information 
through a telephone interview. The residential history was 
asked for and relevant addresses were passed on to the 
technical center of the University in Braunschweig which 
then asked for permission to carry out the measurements. 
The measurements of the residential EMF were conducted 
from November 1992 to July 1995. As a consequence of 
the extensive data obtained by questionnaire and inter¬ 
view, a variety of potentially confounding factors was 
available for the EMF-study. More details of the study 
design are described elsewhere. 25,24 

Exposure assessment 

For each participant, we estimated the child’s exposure 
to magnetic fields by two different methods of exposure 
assessment: measurements of the magnetic field over a 
period of 24 hours and indoor spot measurements. 27 
Measurements were made by field technicians from the 
University of Braunschweig. 

To measure the magnetic field over a 24-h period, we 
used the EMDEX II field meter (ENERTECH Consult¬ 
ants, Campbell, California). The instruments were 
calibrated at 50 Hz (frequency of the alternating-current 
electric-power supply in Germany) with a response to 
frequencies ranging from 40 Hz to 800 Hz. Every 15 
seconds, the magnetic field was recorded in three dimen¬ 
sions. The mean, standard deviation, minimum, 
maximum, fifth-, twenty-fifth-, fiftieth- (median), 
seventy-fifth-, and ninety-fifth-percentile of the measure¬ 
ment over 24 h with all percentile cut-off values rounded 
to O.OlpT were calculated. Measurements over 24 h were 
conducted in the child’s bedroom and in the livingroom 
at the dwelling where the child had been living longest 
before the date of diagnosis. If more than one residence 
fulfilled this criterion, a 24h-measurement was made at 
all relevant dwellings and the mean of each output variable 
was calculated. The results were considered as a single 
measurements in the analysis.. 

The median magnetic field during the night was 
extracted from the 24h-measurement in the child’s 
bedroom between 10pm and 6am and was used as an 
additional exposure variable. 
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To account for the effects of location and the course 
of magnetic flux density, technicians took spot measure¬ 
ments by the following protocol for measuring: the 
EMDEX II field meter was connected to a measurement 
wheel. The trigger interval was given every foot (30.43cm) 
and a value of the magnetic field was recorded while 
walking through the different rooms and floors of the 
residence (each room was considered only once). The 
spot measurement parameter resulted from the mean of 
all measured values. This kind of spot measurement was 
made at all residences where the child lived for at least 
one year before the date of diagnosis (including the 
residence where the child had lived longest). The same 
procedure was used to measure the magnetic field around 
the house and along the streets in order to estimate the 
effects of underground cables on the strength of the resi¬ 
dential magnetic field and to support the identification of 
potential sources of increased magnetic fields. 

Field technicians conducting the measurements were 
not blinded since they had personal contact with the 
participating families and were occasionally asked for 
possible causes of the children’s disease. 

For economic reasons, measurements were restricted 
to residences in Lower Saxony. 

Statistical analysis 

The basic measure of exposure was the median of the 
measurement over 24 h in the child’s bedroom. A cut- 
point of Q.2pT was selected in advance because at this 
cut-point meta-analyses have revealed significantly 
increased combined risk estimates for childhood leuke- 
mia. 3 ’ M For most of the reported results, the two control 
groups from the comprehensive study were combined for 
the embedded EMF-study in order to increase the statis¬ 
tical power. 

We used frequency matching (m:n [casesxontrols], age 
at diagnosis, and gender) and a conditional logistic 
regression model (SAS 6.08, PROC PHREG) to obtain 
the maximum likelihood estimate of the leukemia odds 
ratio (OR) and its 95 percent confidence intervals (Cl). 
Adjustments were made for gender, age at diagnosis (age 
groups of one year), socioeconomic status (average/high), 
and degree of urbanization (rural/mixed/urban). 


Further analyses containing different characteristics of 
the EMF ( e.g the mean of the 24h-measurement, the 
median of the magnetic field during the night) at varying 
cut-points were performed. To avoid problems of multiple 
testing, they were not considered in the underlying 
hypothesis but meant to aid in the interpretation if the 
exposure parameter used is adequate to detect an asso¬ 
ciation between residential EMF and leukemia in children. 

Results 

Descriptive analysis 

Table 1 shows the details concerning the number of cases 
and controls available for analysis. Because of physician’s 
refusal, nine families with leukemia cases could not be 
asked for collaboration. Six further leukemia cases were 
excluded because they could not be traced or were not 
contacted for psychological reasons. Questionnaires were 
filled in for 173 (79 percent) leukemia cases and 433 (71 
percent) controls. Fourteen cases with leukemia and 11 
controls could not be interviewed by telephone, so we 
had to rely solely on the information obtained by 
questionnaire. As shown in Table 1, the study size for the 
magnetic field measurements was reduced additionally by 
the fact that, in some dwellings, the families succeeding 
a participant did not cooperate. Finally, the response to 
the measurements over a period of 24 h was 59 percent 
for the leukemia cases and 54 percent for the controls, 
respectively. Demographic information for these 129 
leukemia cases and 328 controls is shown in Table 2. 

Table 3 shows a summary of the measurement results 
of five different exposure measures. The distribution of 
the median 24h-measurements in the child’s bedroom are 
almost identical for cases and controls. The distributions 
of the median 24h-measurements in the child’s bedroom, 
of the median 24h-measurements in the livingroom and 
of the medians during the night are quite similar. The two 
strongest magnetic fields (median 24h-measurements in 
the child’s bedroom of Q.7(iT and 0.65|iT, respectively) 
were observed in homes of controls. 

Median 24h magnetic-field measurements in the child’s 
bedroom strongly correlated with both median during 
the night (Spearman correlation = 0.92) and the spot 


Table 1. Response to questionnaire and field measurements, Germany 



Eligible 

(No.) 

Asked for 
collaboration 

Questionnaire 

24h-measurement 

At least one spot 
measurement 


No. 

% 

No. 

% 

No. 

% 

No. 

% 

Leukemia 

219 

204 

93.2 

173 

79.0 

129 

58.9 

141 

64.4 

Local control 

— 

305 

— 

220 

72.1 

167 

54.8 

185 

60.7 

State control 

— 

308 

— 

213 

69.2 

161 

52.3 

172 

55.8 
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Table 2. Demographic information for 129 leukemia cases and 
328 state controls, Germany 


Leukemia cases 

Controls 


No. 

% 

No. 

% 

Gender 

Male 

74 

57.4 

156 

47.6 

Female 

55 

42.6 

172 

52.4 

Age (yrs) 

0-4 

74 

57.4 

174 

53.0 

5-9 

40 

31.0 

109 

33.3 

10-14 

15 

11.6 

45 

13.7 

Socioeconomic status 

Average 

90 

69.8 

230 

70.1 

High 

39 

30.2 

98 

29.9 

Degree of urbanization 

Urban 

27 

20.9 

48 

14.6 

Mixed 

57 

44.2 

139 

42.4 

Rural 

45 

34.9 

141 

43.0 

Number of residences 

1 

102 

79.1 

272 

82.9 

2 

19 

14.7 

46 

14.0 

3+ 

8 

6.2 

10 

3.0 

Type of house® 

Standalone 

76 

5B.9 

214 

65.2 

Detached 

10 

7.8 

24 

7.3 

Apartment 

29 

22.5 

60 

18.3 

Block 

14 

10.9 

30 

9.1 


1 Standalone is defined as farms, single-family and 
double-family; detached is defined as detached single- or 
double-family houses; apartment is defined as 3-8 families 
per house; block is defined as more than 8 families per 
house. 


measurements (Spearman correlation = 0.76). 

We explored the relation between the measurements 
and the time of year. Season had no influence on th.e 
average magnetic fields in our study. As shown in Table 4, 
the relation between magnetic fields and the type of house 
was obvious (Kruskall-Wallis-P <0.01). EMF-measure- 
ments tended to be larger with increasing number of 
parties per residence. 

Confirmatory and exploratory analysis 
Associations between the median of the 24h-measure- 
ment in the child’s bedroom and childhood leukemia were 
analyzed for categories I Q.2JJ.T (high exposure category) 
< 0.2jiT (low exposure category). Results are shown in 
Table 5. The ORs reveal a statistically nonsignificant in¬ 
crease. The wide CIs are a consequence of the small 
numbers of highly exposed subjects (only 1.5 percent of 
the study population). The results hardly changed after 
adjustments for socioeconomic status and degree of 
urbanization were omitted from the model. After includ¬ 
ing residential mobility as a trichotomous variable (one 
residence/two residences/three or more residences) in the 
regression analysis, the ORs were slightly increased but 
still not statistically significant (data not shown). By 
calculating the ORs separately for the two control groups, 
we achieved an OR of 2.9 (Cl =0.4-19.9) for the 
comparison of leukemia cases compared with local con¬ 
trols and an OR of 2.3 (Cl = 0.5-9.9) for the comparison 
of leukemia cases with state controls. Because of this 
consistency and an increase of power, we report further 
results from comparisons with the combined control 
groups only. 

In addition to the confirmatory analysis, with hypothe¬ 
ses specified prior to the conduct of the study, a large 


Table 3. Univariate statistics of different characteristics of the measurements of the residential magnetic field (in pT), Germany 



No. 

Mean 

Standard 

deviation 

Median 

90 th 

percentile 

95* h 

percentile 

Median of the 24h-measurement in the 

457 

0.039 

0.058 

0.025 

0.075 

0.105 

ohild's bedroom 

Leukemia cases 

129 

0.042 

0.055 

0.025 

0.075 

0.135 

Leukemia controls 

328 

6.038 

0.059 

■ 0.025 

0.075 

0.095 

Mean of the 24h-measurement in the 

457 

0.044 

0.059 

0.029 

0.083 

0.117 

child's bedroom 

Median during the night in the child's 

457 

0.036 

0.054 

0.025 

0.075 

0.105 

bedroom 

Median of the 24h-measurement in the 

447 

0.042 

0.064 

0.025 

0.075 

0.105 

living room 

Spot measurement 

457 

0.053 

0.071 

0.032 

0.103 

0.160 
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Table 4. Median 24h-measurements in the child's bedroom for different types of houses (irt gT), Germany 



No. of parties 

No. 

Mean 

(Cl)* 

Farms 

1 

25 

0.017 

(0.010-0.024) 

Single-family house 

1 

180 

0.031 

(0.022-0.039) 

Double-family house 

2 

85 

0.029 

(0.025-0.033) 

Detached single or double 

Unknown 

34 

0.044 

(0.026-0.063) 

Apartment house 

3-8 

89 

0.058 

(0.041-0.076) 

Block of flats 

>8 

44 

0.064 

(0.047-0.081) 


Cl = confidence interval. 


Table 5. Comparison of high and low exposure at a cut-point of 0.2pT for different exposure measures, Germany 


Exposure variable 

Cases 

(No.) 

Controls 

(No.) 

Cases 

exposed 

Controls 

exposed 

cn 

o 

(Cl)" 

Median of the 24h-measurement in the child's bedroom 

129 

328 

4 

3 

3.2 

(0.7-14.9) 

Mean of the 24h-measurement in the child’s bedroom 

129 

328 

4 

6 

1.5 

(0.4-5.5) 

Median during the night 

129 

328 

5 

3 

3.9 

(0.9-16.9) 

Mean of medians in the child’s bedroom and in the 
livingroom (24h) 

129 

328 

4 

3 

3.3 

(0.8-15.2) 

Spot measurement at the residence where the child 
lived longest 

129 

328 

3 

7 

0.9 

(0.2-3.6) 

Maximum of spot measurement at all residences 
where the child lived at least for one year 

141 

357 

3 

11 

0.6 

(0.2-3.7) 


a OR = odds ratio from multivariate conditional logistic regression analysis (stratified for gender and age at diagnosis, adjusted 
for socioecomomic status and degree of urbanization). 
b Cl a confidence interval. 


number of exploratory analyses were performed. An OR 
function 10 for the comparison of ieukemia cases (n = 129) 
with combined controls (n = 328) - based on the median 
of the 24h-measurement in the child’s bedroom with a 
stepwise increase of 0.0 tuT in the cut-point from 0.05jiT 
to 0.25jxT - was established in order to illustrate a possible 
trend of increasing risk with higher levels of exposure. 30 
The minimal P -value was derived at cut-points of 0.15pT 
and 0.16|iT based on six cases and five controls (OR — 
3.0, Cl = 0.9-9.9). As shown in Figure 1, the risk is 
elevated uniformly across cut-points from Q.llpT to 0.25p.T. 
Note that the ORs in this approach are not independent. 

Since a simple dichotomization of the exposure variable 
might conceal information about the risk of highly 
exposed subjects, 31 we defined three exposure levels with 
a baseline category of < O.lpT and an additional cut-point 
at 0.2|iT. The baseline category still comprised the major 
proportion of subjects (approximately 94 percent). The 
ORs were 0.46 (Cl = 0.1-1.7) for the medium exposure 
category and 3.2 (Cl = 0.7-14.7) for the highest category. 
By grouping into five categories (< 0.05pT, 0.05-c 0.1 |J.T, 
0.1-< 0.15pT, 0.15-< 0.2|iT and I 0.2pT), the OR for the 
third exposure level was decreased and the OR for the 
high exposure group was consistent with the results from 
the analysis of two levels of exposure. Thus, from these 
figures, no trend became apparent in our data. 


^ Seven out of all 24h-measurement medians from the 
child’s bedroom were greater than 0.2|lT. The major 
reasons for these elevated values were: overhead high- 
voltage lines (outdoor source, four dwellings); zero 
sequence currents and underground cables (outdoor 
source, one dwelling); zero sequence and ground currents 
(indoor source, one dwelling); and electrical appliances 
(indoor source, one dwelling), Exclusion of dwellings 
with elevated magnetic fields caused by Indoor sources 
revealed a somewhat reduced OR (OR = 1.6, Cl = 0.3- 
9.5, rwo cases, three controls). All median magnetic fields 
between 0.15pT and 0.2pT were due to indoor sources. 
These findings correspond with observations reported by 
Wertheimer er ai 15 

Table 5 shows ORs and CIs at a cut-point of Q.2pT 
with other characteristics of the measurement over 24 h 
and with different exposure metrics considered in the 
model. The mean of the 24h-measurement in the child’s 
bedroom is influenced by short-time exposure to high 
magnetic fields and therefore differs from the median in 
those rooms where only few events distracted the other¬ 
wise normal magnetic field. The median during the night 
may reflect the actual exposure best since the measure¬ 
ment was made at a place where the child was likely to 
stay during the whole period of exposure assessment. The 
OR reveals an almost fourfold increase for the comparison 
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Figure 1. Odds ratio function for the comparison of leukemia cases with combined controls based on the median of the 
measurement over 24 h in the child’s bedroom with cut-points from 0.05pT to 0.25|iT with a stepwise increase of 0.01 pT. 



i i i i 


of leukemia with combined controls. This increase is 
statistically significant for analysis restricted to subjects 
aged four years or younger - which comprises only chil¬ 
dren in whose cases residential EMF measurements may 
reflect more accurately the actual exposure, because very 
young children are more likely to be at home full-time 
than other children (OR =11.1, Cl = 1.2-103.7; four 
cases, one control). 22 The mean of the two medians of the 
24h-measurement (median in the child’s bedroom, median 
in the living room) and the spot measurement at addresses 
where the child lived longest were both used as proxies 
for the exposure of the entire dwelling. The results are 
remarkably different. Finally, die maximum of the spot 
measurements of all residences where the child lived for 
more than one year was taken as an historic exposure 
parameter with a resulting OR of 0.6. 

Discussion 

We observed nonsignificantly elevated ORs for the 
median of the measurement over 24 h in the child’s 
bedroom above 0.2pT - however, the risk estimates were 
based on only 1.5 percent of the study population com¬ 
prising 457 subjects and therefore were very imprecise, 
as reflected in the wide CIs. Due to this unexpectedly 
rare exposure, statistical power at this cut-point (defined 
beforehand) is low to show an association between child¬ 
hood leukemia and residential magnetic fields at the order 
of the magnitude observed in other studies. A trend 
resulting from increasing exposure to EMF or a threshold 
value above which an effect can be continuously assumed 
could not be detected. This also may be due to the low 
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power of the study resulting from the few observations 
with increased exposure. 

The observed association between childhood leukemia 
and the median of the magnetic field during the night 
could be regarded as being in agreement with the concept 
of the melatonin hypothesis as a biological mechanism 
for a cancer promoting effect. 32 According to this expla¬ 
nation, the nocturnal pineal production of melatonin is 
decreased by EMF, with melatonin assumed to be an 
important hormone in the prevention of carcinogenesis. 
In addition, the median during the night seems to be an 
appropriate exposure metric since this parameter is 
assessed in the child’s bedroom at a time when the child 
is likely to be there. 2133 ' 54 The stronger association between 
leukemia and EMF during the night was caused by one 
additional residence of a leukemia case with the median 
being four times higher during the night than the median 
of the magnetic field over a period of 24 h. The origin of 
this extremely elevated magnetic field was an incorrectly 
installed overnight heating system. 

We preferred median values to means because in some 
measurements mean values were increased largely by few 
outliers - mainly caused by the short-time use of electrical 
household appliances like vacuum cleaners, which is 
irrelevant within the meaning of a long-term exposure. 
We observed no association between childhood leukemia 
and indoor spot measurements. Although spot measure¬ 
ments and 24h-measurements generally correlated well, 
a classification of subjects into low exposure and high 
exposure changed with the choice of the method of 
exposure assessment. However, since the measurement 
protocol for spot measurements was not as standardized 
as the rules for conducting measurements over a period 
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of 24 h, spot measurements might have been influenced 
by the time of the day the measurements were made and 
might have been dependent on the type of residence (size, 
shape, and furniture of the dwelling) where the measure’ 
ment was conducted. Therefore we attach more weight 
to the characteristics of the 24h-measurements in our 
conclusions. 

Bias and confounding 

Cases were identified by an almost complete cancer 
registry, and controls were drawn at random from 
complete files of all children in Lower Saxony. The fact 
that registration is mandatory for all residents in Germany 
allows us to obtain random samples from the general 
population. (This would not be possible by random digit 
dialing, for example, when a considerable proportion of 
the population has no telephone in their home.) The 
response rate to the EMF-study of about 50 percent is 
relatively low. However, there were no major differences 
in sociodemographic variables between the study groups 
and no major differences of other, possibly relevant, 
variables were observed between participants and 
nonparticipants. Nevertheless, selection bias cannot com¬ 
pletely be ruled out. Due to prior considerations, in all 
analyses, adjustments were made for gender, age at diag¬ 
nosis, socioeconomic status and degree of urbanization. 

In the comprehensive study, local controls were chosen 
to control for regional factors. If potential risk factors 
vary only slightly within a region, overmatching might 
occur. Therefore, the second control group of state 
controls was selected. Since in most cases it is a priori 
difficult to decide for which factors regional effects should 
be expected, two ORs have been calculated for each factor 
of interest. In the EMF-study, both calculations showed 
consistent results, hence the two control groups were 
combined to increase the statistical power to show an 
association. 

Even though the reproducibility of measurements of 
the residential magnetic field has been shown to be 
reliable, 33 it has been argued that measurements over 24 
h may be a poor approximation of historic exposure. In 
the residence, exposure changes over time and therefore 
is not as stable as wiring configurations or distance to 
power transmission or distribution lines. The major 
advantage of measurements is the appropriate considera¬ 
tion of indoor sources of magnetic fields like earth 
connection or fuse boxes and of the actual effect of out¬ 
door sources like high-voltage power lines or substations 
instead of their assumed resulting magnetic field in the 
child’s residence - at least on the day of measurement. In 
our data, the origin of an increased magnetic field was 
not always obvious, and residential proximity to electrical 
transmission and distribution equipment would have 
been a poor estimator of the dwelling’s actual magnetic 


field. Spot measurements are probably dependent on the 
time of day they are conducted, but it is doubtful if the 
median of the 24h-measurements changes with time in 
such a way that misciassification at a cut-point of 0.2uT 
would be frequent. 

If there is a true association between stronger magnetic 
fields and the occurrence of childhood malignancies, part 
of this will be attribntable to indoor sources. However, 
in our study, five out of seven measurements above 0.2pT 
resulted from nearby overhead or underground power 
lines. The two highest medians of the 24h-measurement 
were among the control group. 

The positive association could still be caused by 
confounding. In our analysis, we took into account socio¬ 
economic status, degree of urbanization, and residential 
mobility, but the ORs resulting from logistic regression 
analysis with or without these factors remained basically 
unchanged. Known risk factors for childhood leukemia, 
like exposure to ionizing radiation or leukemia-related 
hereditary diseases, are unlikely to be more prevalent in 
families living in residences with stronger magnetic fields. 

Since the population density of Lower Saxony is lower 
than the average population density of Germany, Berlin 
recently has been chosen for an expansion of the Study. 
We have reason to expect more increased exposures in 
this population. 


Our findings lend some support to the hypothesis that 
increased exposure to magnetic fields may be associated 
with childhood leukemia. They are comparable with those 
of previous studies. 1 ' 15 Positive associations between child¬ 
hood leukemia and different proxies of lifetime exposure 
to magnetic fields predominate, but many results are 
inconsistent and we failed to confirm a statistically 
significant association. It is in agreement with previous 
studies that spot measurements were not associated with 
the occurrence of childhood leukemia. w However, this 
is the first time 24h-measurements have been shown to 
be related to cancer. 7,13 We do recommend that future 
studies should concentrate on measurements over 24 h 
for exposure assessment and should especially pay atten¬ 
tion to magnetic fields during the night. 

The main limitations of our study are the low percent¬ 
age of subjects exposed to increased magnetic fields and 
the low participation rates of eligible subjects in the EMF- 
study, both considerably reducing the statistical power. 
Nevertheless, the ascertained number of exposed children 
enables us to assess the importance of electromagnetic 
fields in comparison with other public health hazards in 
this region in Germany. 

Data from the literature and our own observations 
suggest that if an association between EMF and childhood 
leukemia exists, the scale of the effect in Germany might 
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be small. Based on the assumptions that 1.5 percent of 
the population are characterized by magnetic fields 
greater than 3.2jj.T and that the relative risk for exposed 
children equals 2.0, magnetic fields would account for 
eight leukemia cases in Germany each year (approximately 
13 million children in the total population). Despite the 
tragic fate of affected families, the effects of EMF on 
childhood leukemia incidence have to be considered in 
relation to other hazards threatening our children. 
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